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Epigenetic Traits, Computerized Tomography And Native American
Identity
Abstract
For over two centuries, epigenetic traits were considered minor variations in trait expressions found on the
human skull, and largely disregarded. It is now known many of these traits are heritable and potentially define
population affinity. Native American skeletal collections have been diminishing after the 1990 Native
American Graves Protection and Repatriation Act (NAGPRA). Epigenetic traits have the potential to indicate
population affinity in the event cultural affiliation cannot be determined. When Native American remains are
repatriated from the Penn Museum’s Physical Anthropology section, the only primary data collection source is
their Computerized Tomography (CT) scan on the Open Research Scan Archive (ORSA). As systematic data
collection of epigenetic traits has not been undertaken at the current time, it is crucial to determine the
accuracy of CT scans for diagnosing cranial epigenetic traits. The methods for epigenetic trait diagnosis
(whether binaries or in gradations) are non-destructive, but require manipulation of the physical crania. It is
important to ascertain which epigenetic traits should be scored when the physical remains are available. A
population of 38 crania were scored for 172 epigenetic traits. A regression analysis tested the epigenetic trait
score of 50 of the traits collected on the CT scan as a predictor for the score of the trait on each physical
specimen. The resulting analysis indicates that for 27 of the 50 traits tested, CT scans were not a strong
predictor for the score on the Physical specimen and data collection will potentially suffer in the event of
repatriation or loss of the remains.
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Museum’s	 Physical	 Anthropology	 section,	 the	 only	 primary	 data	 collection	 source	 is	 their	
Computerized	Tomography	(CT)	scan	on	the	Open	Research	Scan	Archive	(ORSA).	As	systematic	
data	collection	of	epigenetic	traits	has	not	been	undertaken	at	the	current	time,	it	is	crucial	to	
determine	 the	 accuracy	of	 CT	 scans	 for	 diagnosing	 cranial	 epigenetic	 traits.	 The	methods	 for	
epigenetic	 trait	diagnosis	 (whether	binaries	or	 in	gradations)	are	non-destructive,	but	 require	
manipulation	of	the	physical	crania.	It	is	important	to	ascertain	which	epigenetic	traits	should	be	
scored	when	the	physical	remains	are	available.	















































































































































































and	 the	mechanisms	which	 lead	 to	 their	development,	 an	 introduction	of	epigenetics	and	 its	
application	to	the	human	crania	will	be	detailed.		
The	earlier	understanding	of	‘epigenetics’	was	first	applied	in	order	to	comment	on	the	




derived	 by	Waddington	 (1956)	who	 undertook	 the	 task	 of	 describing	 the	mechanisms	which	
underlie	 ‘progressive	 determination,’	 and	 the	 processes	 by	 which	 cells	 and	 tissues	 undergo	





















such	 as	 calipers	 or	 osteometric	 boards.	 Rather,	 the	 best	 methods	 for	 their	 diagnosis	 are	
categorical,	whether	 as	binaries	 such	 as	 ‘present	or	 absent,’	 or	 as	 gradations,	 such	 as	 ‘trace,	





to	 this	point	appear	 to	show	no	evidence	of	Mendelian	 transmission	 (Hauser	and	De	Stefano	







and	 even	 the	 frequency	 of	 its	 occurrence	 in	 a	 population	 is	 influenced	 by	 the	 individual’s	
environment	 while	 they	 are	 developing	 (Grüneberg	 1965).	 Trinkaus	 (2005)	 maintains	 that	
although	Grüneberg’s	model	 applies	 to	 traits	 such	 as	 dental	 agenesis,	 there	 is	 lack	 of	 clarity	
concerning	 how	accurate	 this	 is	 in	 the	 context	 of	 ‘minor’	 skeletal	 traits’	 such	 as	 foramina	 or	









skeletal	variants	as	a	means	by	which	 to	 investigate	 inheritance	was	 limited,	and	the	authors	
maintained	there	were	not	many	epigenetic	traits	that	evidenced	known	familial	relationships	
(Hauser	and	De	Stefano	1989).	Other	researchers	such	as	Symmers	(1985)	and	Szilvassy	(1986)	
aimed	 to	 inform	on	 the	heritability	of	 epigenetic	 traits,	 and	 found	evidence	which	 suggested	












Even	 with	 all	 of	 these	 considerations,	 de	 Villiers	 (1968)	 was	 able	 to	 successfully	
demonstrate	significant	tribal	differences	within	the	South	African	groups	tested.	Her	study	and	
others	serve	as	contrasting	examples	 for	the	potential	success	epigenetic	traits	may	serve	for	































nerves	 and	 vessels	 as	 they	 branch	 and	 expand	 throughout	 the	 body	 (1989).	 In	 this	 case	 the	
mechanism	underlying	the	branching	of	the	nerves	and	vessels	in	question	is	influenced	by	the	
action	 of	 genetic	 coding,	 but	 the	 formation	 of	 the	 canals	 or	 orifices	 is	 dependent	 on	 the	
‘interdependencies’	between	the	mesenchymal	 tissue	of	 the	skull	and	 the	nerves	and	vessels	
which	are	developing	(Hauser	and	De	Stefano	1989).	More	simply	put,	genes	code	for	nerves	and	
vessels	 to	 grow,	 develop	 and	 eventually	 branch,	 but	 the	 ways	 in	 which	 they	 branch	 and	
potentially	cause	the	expression	of	the	canal	to	express	bridging	is	determined	on	an	individual	
life	and	their	environment.	




main	 mechanisms	 which	 result	 in	 osteogensis	 (i.e.	 bone	 formation),	 intramembranous	
ossification	and	endochondral	ossification.	Both	mechanisms	produce	the	bones	which	compose	
the	cranium.	
Both	 ossification	 mechanisms	 involve	 the	 mesenchymal	 stem	 cells,	 which	 have	 the	
potential	to	develop	in	to	a	broad	range	of	tissues	such	as	fat,	muscle,	and	other	types	of	cells	




et	 al.	 2012).	 Intramembranous	ossification	 is	 the	mechanism	which	produces	 the	 ‘flat	bones’	
which	can	be	found	within	the	skull	(Gilbert	2000).	Some	of	the	stem	cells	develop	in	to	capillaries	











order	 to	 form	 a	 cartilaginous	 model	 for	 later	 bone	 formation	 (Gilbert	 2000).	 After	 cell	








bones	 contact	 via	 sutures	 which	 are	 ‘joints	 with	 interlocking,	 sawtooth,	 or	 zipper-like	
articulations.’	 (White	 et	 al.	 2012).	 Various	 studies	 have	 demonstrated	 that	 the	 growth	 and	
development	of	the	skull	generally	follows	a	timetable	or	schedule,	and	thus	the	morphology	has	










	 The	 University	 of	 Pennsylvania	 Museum	 of	 Archaeology	 and	 Anthropology	 currently	
houses	the	Samuel	G.	Morton	collection.	Samuel	George	Morton	(1799-1851)	was	a	Philadelphia	
















represented	 within	 his	 collection,	 and	 additionally	 included	 illustration	 of	 71	 crania	 by	 John	






as	 calipers	 or	 an	 osteometric	 board	 –	 they	 are	 quantifiable	 numerical	 values	 that	 can	 be	
empirically	measured	such	as	a	distance	between	two	points)	which	were	observed	within	the	











the	 space	 that	 remained)	and	 thus	 ranking	of	 ‘racial	 superiority’	 could	be	determined	by	 the	
average	size	of	their	brains	as	measured	by	the	cranial	capacity	(Gould	1981).	At	first,	Morton’s	
measurements	 were	 taken	 by	 filling	 the	 cranial	 vault	 with	 white	mustard	 seed,	 which	 were	






was	 the	 volume	 in	 cubic	 inches	 (Lewis	 et	 al.	 2011,	 Gould	 1981).	 Morton	 later	 traded	 the	
‘unreliable’	mustard	seeds	for	1/8’’	diameter	lead	shots	in	order	to	collect	more	consistent	results	
(Lewis	et	al.	2011,	Gould	1981).		




donated	 to	 the	Academy	of	Natural	 Sciences	 in	 Philadelphia	 (Renschler	 and	Monge	 2008).	 A	
friend	and	member	of	the	Academy,	James	Aitken	Meigs,	continued	to	collect	crania	which	he	

















allows	 for	 testing	 the	 accuracy	 of	 Computerized	 Tomography	 (CT)	 scans	 for	 epigenetic	 trait	





detailed	 in	 the	 following	 section,	 has	 impacted	 the	 University	 of	 Pennsylvania	 Museum	 of	
Archaeology	and	Anthropology	Physical	Anthropology	section	directly.	Due	to	repatriation	(i.e.	
return)	legislation	of	the	Museum,	the	section’s	collection	of	Native	American	remains	has	been	
decreasing	 in	 size	 in	 an	 effort	 to	 work	with	 the	 Native	 American	 community.	 The	 imminent	
repatriation	of	the	crania	used	 in	this	study	means	that	these	physical	specimens	will	only	be	
available	for	a	limited	period	of	time.	
Currently,	 an	 extensive	 amount	 of	 data	 collection	 has	 been	 conducted	 on	 the	 Native	
American	crania	represented	in	Samuel	G.	Morton	Collection.	Data	collected	includes	(but	is	not	
limited	 to)	 photographs	 (which	 remain	 private	 to	 the	 keeper	 of	 collections),	 metric	




























Native	American	 remains	 collected	 for	 research	 and	 teaching	 in	 physical	 anthropology	 or	 for	
display	in	museums	persisted	for	over	one	hundred	years.	This	practice	reached	prolific	periods	
of	 collection	 during	 the	 Great	 Depression	 and	 the	 River	 Basin	 Survey	 projects	 in	 the	 mid-
twentieth	century	(Rose	et	al.	1996).		
The	1960s	heralded	vast	political	and	cultural	change	in	the	United	States.	Perhaps	the	
most	 recognizable	 political	 movement	 of	 the	 time	 was	 that	 of	 the	 Civil	 Rights	 movement.	
Although	 this	movement	 is	 traditionally	 associated	with	 the	political	 advancement	 of	African	
Americans,	many	minority	groups	were	able	to	take	advantage	of	the	rapidly	changing	political	

























community	 at	 large,	 and	 anthropologists	 in	 particular,	 had	 pursued	 the	 collection	 of	 Native	
American	material	culture	and	human	remains	but	neglected	to	acquire	consent	from	the	tribes	
to	which	the	remains	and	artifacts	were	taken.	Indigenous	human	remains	hold	deep	religious	
meaning	 to	Native	Americans,	but	 this	 significance	 is	 lost	 in	 the	data	 collection	and	 research	
process	where	individuals	are	depersonalized	and	their	value	is	placed	in	the	information	that	
the	researcher	can	ascertain	from	the	remains	(Bray	1995).	Many	Native	American	groups	pushed	







ultimate	 goal	 of	 increasing	 cultural	 awareness	 and	 preserving	Native	 American	 identity.	 One	
provision	 directly	 addressed	 details	 concerning	 the	 issue	 of	 Native	 American	 remains	










existing	 NAGPRA	 legislation,	 titled	 ‘Native	 American	 Graves	 Protection	 and	 Repatriation	 Act	









implementation	 of	 NAGPRA	 directly	 impacts	 the	 University	 of	 Pennsylvania	 Museum	 of	
Archaeology	and	Anthropology	Physical	Anthropology	section	 today.	At	 the	present	date,	 the	
Physical	 Anthropology	 Section	 has	 a	 sizable	 collection	 of	 over	 700	 Native	 American	 human	
remains	in	their	skeletal	collection.	The	quantity	of	human	remains	in	this	collection	has	been	
decreasing	in	size	as	the	remains	are	repatriated	to	the	Native	American	groups	from	which	they	
were	collected.	At	present,	over	 two	hundred	human	remains	have	been	repatriated	 to	 their	
Indigenous	groups	of	origin	(Penn	Museum	2016).	The	repatriation	process	is	complex,	involving	
the	interaction	of	museum	administration,	anthropologists,	biologists,	historians,	lawyers,	Native	



















Research	 Scan	 Archive	 (ORSA).	 The	NAGPRA	 affiliated	 human	 remains	 represent	 just	 a	 small	
percentage	 of	 the	more	 than	 10,000	 individuals	 stored	 in	 the	 Physical	 Anthropology	 section	
alone.	These	human	remains	have	served	as	an	 incredible	 resource	 to	 researchers	across	 the	
globe,	 as	 the	 collections	 that	 comprise	 the	 section	 are	 represented	 not	 only	 by	 a	 global	
distribution	of	populations	but	a	wide	temporal	span,	too.		
In	order	 to	make	 these	 skeletal	 remains	widely	available	 for	open	access	 research,	an	
effort	to	digitally	preserve	the	Native	American	and	other	skeletal	remains	was	initiated	in	2004.	









Now	 completed,	 this	 database,	 the	 Open	 Research	 Scan	 Archive	 (ORSA)	
[http://plum.museum.upenn.edu/~orsa/],	 provides	 researchers	 and	 students	 in	 biological	
anthropology,	 bioarchaeology,	 biomedical	 sciences,	 paleoanthropology,	 and	 other	 disciplines	
around	 the	 world	 open	 access	 to	 the	 Penn	 Museum	 and	 other	 collaborating	 institutions’	
Computerized	Tomography	(CT)	scans	of	fossil	and	other	skeletal	material.	Specimens	are	not	
limited	 to	 historical	 human	 remains	 (i.e.	 the	 Samuel	 G.	 Morton	 Collection),	 but	 additionally	
images	from	‘prosimians,	monkeys	and	apes	from	the	American	Museum	of	Natural	History	and	













skeletal	 specimen	 in	 many	 instances.	 Though	 metric	 analyses	 may	 reveal	 much	 about	 the	
morphology,	variation,	and	evolution	of	various	skeletal	elements,	other	features	of	the	skeleton,	
particularly	nonmetric	traits	of	the	skull	(i.e.	epigenetic	traits)	can	reveal	more	information	and	
provide	 new	 perspectives	 about	 the	 individual	 whose	 remains	 are	 being	 studied	 that	 may	
otherwise	be	missed	in	metric	analysis	alone.	
As	CT	scans	arguably	provide	a	wealth	of	potential	data	as	a	primary	data	collection	source	




Computerized	Tomography	 (CT)	 scans	 accurate	 for	diagnosing	epigenetic	 traits	of	 the	human	
cranium?	
Inaccuracy	has	the	potential	to	arise	in	data	collection	from	Computerized	Tomography	
(CT)	 scans	 for	 a	 variety	of	 reasons.	 For	 example,	 protocol	 error	has	 the	potential	 to	produce	
inaccurate	CT	scans.	Calibration	to	the	CT/Hounsfield	values	which	define	the	material	properties	









That	 is,	 the	 repatriation	 of	 the	 Native	 American	 skeletal	 remains	 would	 not	 greatly	 hamper	
continuing	osteological	research	seeking	to	inform	on	anthropological	and	biological	questions	
relevant	 to	 these	 populations.	 Epigenetic	 traits	 which	 are	 consistently	 scored	 incorrectly	 or	
present	 consistent	 difficulties	 with	 diagnosis	 will	 be	 highlighted,	 therefore	 suggesting	 where	
researchers	may	augment	their	efforts	to	systematically	collect	the	relevant	data	on	the	physical	
specimens	 and	 allow	 for	 continued	work	 towards	 the	 timely	 repatriation	of	Native	American	





















between	data	 collection	 events	 of	 the	 same	physical	 specimens.	 Intraobserver	 reliability	was	
assessed	using	Cohen’s	kappa	statistic	(Cohen	1960,	Hefner	2009).	The	pilot	study	demonstrated	
that	 intra-observer	error	was	not	significant,	and	the	data	collection	protocol	was	sound.	This	





additionally	 allowed	 for	 refinement	 of	 the	 data	 collection	 sheets	 in	 order	 to	 allow	 for	more	
efficient	systematic	data	collection	for	the	main	study.		
	 For	 the	 main	 study,	 the	 epigenetic	 traits	 were	 systematically	 scored	 on	 each	 of	 the	
physical	 crania	 specimens	 (sample	 size	 n=38),	 followed	 by	 systematic	 scoring	 on	 all	
corresponding	CT	scans	for	each	specimen	in	the	study	(sample	size	n=38).	The	numeration	of	
each	specimen	additionally	allowed	for	the	minimization	of	bias	in	this	study.	Each	skull	in	the	
Samuel	 G.	Morton	 Collection	 at	 the	 University	 of	 Pennsylvania	Museum	 of	 Archaeology	 and	




Data	 collection	 from	 the	 physical	 specimens	 was	 completed	 in	 random	 collection	
identification	number	order	during	the	fall	of	2013.	The	data	collection	of	the	CT	specimens	was	
completed	 in	numerical	 collection	order	 in	 the	 summer	of	 2014,	 almost	 8	months	 later.	 This	
temporal	 span,	 again,	was	 greater	 than	 the	 two	week	waiting	 period	 used	 in	Hefner	 (2009),	












impact	 in	 analysis	 (i.e.	 information	 to	 be	 gained)	 such	 as	 sex	 or	 biological	 (i.e.	 ancestral)	





traits	 such	 as	 the	 appearance	 of	 the	 lambdoid	 ossicle,	 the	 posterior	 condylar	 canal,	 and	
hypoglossal	 canal	 bridging	 have	 been	 tested	 in	 literature	 as	 epigenetic	 traits	 which	 have	
heritability	 potential.	 The	 superciliary	 eminence,	 inferior	 frontal	 eminence,	 mons	
temporosphenoidalis,	postglenoid	tubercle,	tympanic	plate,	supra-orbital	foramen,	infra-orbital	
foramina,	contour	of	the	dental	arcade,	pterygospinus	bar,	and	pterygo-alar	bar	were	tested	due	
to	 their	 demonstrated	 ability	 to	 inform	 on	 ‘intertribal’	 differences	 in	 South	 African	 crania	 as	
evaluated	by	de	Villiers	(1986).	The	squamomastoid	suture	(and	the	lambdoid	ossicle	is	relevant	
here,	 too)	was	 tested	due	 to	 their	potential	 to	aid	 in	 forensic	 identification	 (Jayaprakash	and	
















researcher	 is	 willing	 to	 accept	 the	 5%	 or	 less	 error	 represented	within	 this	 study.	 Each	 trait	
analyzed	within	this	study	is	detailed	in	Appendix	B,	includes	information	on	the	original	source	
from	which	the	trait’s	scoring	methodology	was	adapted,	the	score	coding	utilized	within	this	
study,	 in	 addition	 to	 other	 nomenclature	 which	 may	 be	 used	 to	 name	 the	 epigenetic	 trait.	
Appendix	C	includes	diagrams	for	each	trait	scored,	including	further	details	on	how	scoring	was	
potentially	adjusted	(if	at	all)	for	this	study.	Appendix	C	additionally	details	whether	or	not	a	trait	

















































a	 standard	error	 of	 0.0013.	 The	 complete	 statistical	 output	 is	 included	 in	Table	4.	 The	 linear	




































































as	 follows.	First,	R2	=	0.2786	 implying	 that	approximately	27.86%	of	 the	variation	 in	 score	on	
Physical	specimen	explained	the	score	for	the	CT	specimen.	The	observed	value	for	F	was	12.9063	



















as	 follows.	First,	R2	=	0.3371	 implying	 that	approximately	33.71%	of	 the	variation	 in	 score	on	
Physical	specimen	explained	the	score	for	the	CT	specimen.	The	observed	value	for	F	was	18.3060	

































is	 the	 score	 on	 the	 CT	 specimen	 and	 y	 is	 the	 predicted	 score	 on	 the	 Physical	 specimen.	 The	
estimate	of	b	is	1.5with	a	standard	error	of	0.2736.	The	complete	statistical	output	is	included	in	















as	 follows.	First,	R2	=	0.1203	 implying	 that	approximately	12.03%	of	 the	variation	 in	 score	on	
Physical	specimen	explained	the	score	for	the	CT	specimen.	The	observed	value	for	F	was	4.9242	
























a	standard	error	of	0.3413.	The	complete	statistical	output	 is	 included	 in	Table	20.	The	 linear	










a	standard	error	of	0.3357.	The	complete	statistical	output	 is	 included	 in	Table	21.	The	 linear	



















































































a	standard	error	of	0.0877.	The	complete	statistical	output	 is	 included	 in	Table	29.	The	 linear	









a	standard	error	of	0.0956.	The	complete	statistical	output	 is	 included	 in	Table	30.	The	 linear	





as	 follows.	First,	R2	=	0.1660	 implying	 that	approximately	16.60%	of	 the	variation	 in	 score	on	
Physical	specimen	explained	the	score	for	the	CT	specimen.	The	observed	value	for	F	was	7.1665	








as	 follows.	First,	R2	=	0.1228	 implying	 that	approximately	12.28%	of	 the	variation	 in	 score	on	
Physical	specimen	explained	the	score	for	the	CT	specimen.	The	observed	value	for	F	was	5.0414	



































a	standard	error	of	0.2944.	The	complete	statistical	output	 is	 included	 in	Table	35.	The	 linear	






p-value	associated	with	 this	observed	value	of	F	was	0.0060	which	 is	a	statistically	 significant	
finding.	The	regression	line	is	represented	by	the	formula	y=a+bx,	where	x	is	the	score	on	the	CT	
specimen	and	y	is	the	predicted	score	on	the	Physical	specimen.	The	estimate	of	b	is	0.9518	with	
a	standard	error	of	0.3379.	The	complete	statistical	output	 is	 included	 in	Table	36.	The	 linear	














the	 score	 on	 Physical	 specimen	 and	 the	 x-input	 is	 the	 score	 on	CT	 specimen.	 The	 regression	
statistics	are	as	follows.	First,	R2	=	0.2024	implying	that	approximately	20.24%	of	the	variation	in	
score	on	Physical	specimen	explained	the	score	for	the	CT	specimen.	The	observed	value	for	F	
was	9.1373	and	 the	p-value	associated	with	 this	observed	value	of	 F	was	0.0046*	which	 is	 a	
statistically	significant	finding.	The	regression	line	is	represented	by	the	formula	y=a+bx,	where	x	

































a	standard	error	of	0.2661.	The	complete	statistical	output	 is	 included	 in	Table	41.	The	 linear	




as	 follows.	First,	R2	=	0.1208	 implying	 that	approximately	12.08%	of	 the	variation	 in	 score	on	
Physical	specimen	explained	the	score	for	the	CT	specimen.	The	observed	value	for	F	was	4.9446	














a	standard	error	of	0.2469.	The	complete	statistical	output	 is	 included	 in	Table	43.	The	 linear	









a	standard	error	of	0.2661.	The	complete	statistical	output	 is	 included	 in	Table	44.	The	 linear	










a	standard	error	of	0.2727.	The	complete	statistical	output	 is	 included	 in	Table	45.	The	 linear	
regression	 representation	of	 score	on	Physical	 specimen	on	 score	on	CT	 specimen	 is	given	 in	
Figure	45.	
[46]	The	Occipital	Condyle	Size	 (R)	contained	a	sample	size	of	n=38.	The	y	 input	 is	 the	
score	on	Physical	specimen	and	the	x	input	is	the	score	on	CT	specimen.	The	regression	statistics	
are	as	follows.	First,	R2	=	0.0177	implying	that	approximately	X=01.77%	of	the	variation	in	score	
on	Physical	 specimen	explained	the	score	 for	 the	CT	specimen.	The	observed	value	 for	F	was	
0.6482	 and	 the	 p-value	 associated	 with	 this	 observed	 value	 of	 F	 was	 0.4260	 which	 is	 not	 a	
statistically	significant	finding.	The	regression	line	is	represented	by	the	formula	y=a+bx,	where	x	





















is	 the	 score	 on	 the	 CT	 specimen	 and	 y	 is	 the	 predicted	 score	 on	 the	 Physical	 specimen.	 The	

















































This	 suggests	 that	 the	 score	 on	 the	 CT	 Scan	 of	 the	 trait	 for	 these	 specimens	 was	 a	 reliable	














specimen	 and	 data	 collection	 will	 not	 be	 greatly	 hampered	 in	 the	 event	 that	 the	 crania	 is	
repatriated	or	lost.	









































































































































































































































































































epigenetic	trait	score	on	 its	respective	Physical	specimen,	 it	 is	 recommended	that	scoring	the	
mastoid	process,	hypoglossal	canal	bridging,	mons	temporosphenoidalis,	postglenoid	tubercle,	
tympanic	 plate,	 contour	 of	 the	 dental	 arcade,	 pterygospinus	 bar,	 pterygo-alar	 bar,	



















there	 is	 the	 possibility	 that	 tribal	 and	 cultural	 affiliations	 can	 be	 inappropriately	 and/or	
incorrectly)	applied	to	these	remains	by	field	collectors	in	some	cases.	In	situations	such	as	these,	
better	 methods	 for	 ascertaining	 biological	 affinity	 are	 of	 great	 importance	 in	 validating	 the	
recorded	provenience	of	remains	in	doubtful	cases.	
There	is	a	possibility	that	the	analysis	of	epigenetic	traits	does	not	differentiate	Native	
American	populations	well.	However,	 the	epigenetic	method	has	been	 successfully	 tested	on	
populations	 that	 are	 known	 to	be	distinct	 (de	Villiers	 1968,	Hefner	2009)	 and	 can	be	 further	
refined	 in	 this	 study.	 For	 instance,	 the	 collection	 of	 data	 from	 North	 Amerindian	 and	 South	
	 69	
Amerindian	 samples	 as	 well	 as	 samples	 from	 other	 regions	 such	 as	 Africa,	 Austronesia,	 and	
Eurasia	would	allow	for	the	testing	of	hypotheses	about	phenotypic	variation	associated	with	the	
genetic	variation	present	as	a	result	of	human	population	history.	Future	research	could	perhaps	
examine	 crania	 from	each	of	 these	distinct	 populations,	 and	 a	 comparison	 can	 reveal	 if	 they	






The	 Samuel	 G.	 Morton	 Collection	 at	 the	 University	 of	 Pennsylvania	 Museum	 of	
Archaeology	 and	 Anthropology	 represents	 a	 prime	 sample	 for	 testing	 of	 hypotheses	 about	
modern	human	population	history	and	biological	affinity,	as	this	collection	has	representation	
from	all	major	geographic	regions	and	is	large	enough	to	supply	sufficient	sample	sizes	for	study.	
Although	 some	 recent	 work	 (i.e.	 Crevecoeur	 et	 al.	 2009)	 with	 large	 samples	 from	 a	 wide	
geographic	 distribution	 has	 attempted	 to	 show	 concordance	 between	 phenotypic	 skeletal	
variation	and	genetic	 variation	 in	human	populations	 in	 the	 last	10,000	years,	 little	work	has	
directly	addressed	the	question	of	phenotypic	skeletal	variation	among	modern	populations	in	
relation	to	the	amount	of	genetic	variation	in	each	population.		
As	 bioarchaeologists	 and	 paleoanthropologists	 cannot	 always	 extract	 DNA	 from	 the	
skeletal	materials	they	seek	to	study,	comparisons	of	epigenetic	trait	variance	in	genetically	more	
diverse	 populations	 such	 as	 Africans	 (i.e.	 Tishkoff	 et	 al.	 2009)	 versus	 less	 genetically	 diverse	
	 70	
populations	such	as	North	and	Central	Americans	 (Schurr	et	al.	1990)	can	reveal	 if	epigenetic	
phenotypic	 trait	 variance	 is	 a	 useful	 proxy	 for	 genetic	 variance	 in	 past	 populations	 in	 some	
contexts,	as	studies	of	cranial	metric	variation	suggest	(Relethford	and	Harpending	1994,	Howells	
1989).	Finally,	given	that	much	of	the	scoring	for	this	project	involves	bilateral	traits,	comparisons	
of	 intraindividual	 laterality	 can	 reveal	 skeletal	 asymmetry,	 linked	 to	 injury,	 developmental	
disturbance,	pathology,	and	other	factors	(Brasili-Gualandi	et	al.	1989),	and	the	prevalence	of	
asymmetries	in	different	populations.	These	crucial	bio-anthropological	questions	can	be	asked	









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Rivera	 Prince	 (2016)	 scored	 ‘trace’	 as	 expression	 states	 1-2,	 ‘medium’	 as	 expression	 state	 3,	
























































































































































































































(1968),	 Figure	 23.	 Additionally,	 this	 trait	 evidences	 sexual	 dimorphism,	 and	was	 scored	with	
consideration	for	bilateral	expression.	 	
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Figure	C-25	Occipital	Condyle	Size	
 
 
 
	
	
From	de	Villiers	(1968),	Figure	25	
Rivera	Prince	(2016)	made	no	changes	for	scoring	from	the	expression	states	detailed	in	de	Villiers	
(1968),	Figure	25.	Additionally,	this	trait	was	scored	with	consideration	for	bilateral	expression.	
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Figure	C-26	Intermediate	Condylar	Canal	
 
 
 
 
 
From	Hauser	and	De	Stefano	(1989)	page	127,	Fig.	19	
Rivera	Prince	(2016)	made	no	changes	for	scoring	from	the	expression	states	detailed	in	Hauser	
and	De	Stefano	(1989),	Fig.	19.	Additionally,	this	trait	was	scored	with	consideration	for	bilateral	
expression.	 	
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Figure	C-27	Pterion	Sutural	Variation	
 
 
 
	
	
From	de	Villiers	(1968),	Figure	5	
Rivera	Prince	(2016)	scored	1	for	expression	state	a,	2	for	expression	state	b,	3	for	expression	
state	c,	4	for	expression	state	d,	5	for	expression	state	e,	and	6	for	expression	state	f.		Additionally,	
this	trait	was	scored	with	consideration	for	bilateral	expression.	
 
